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Abstract 

Background and aim of the study: DM represents an important independent risk factor for the 
development of and mortality from coronary heart disease (CHD), increasing the risk by 2 to 4 times. 
According to WHO data, more than 75% of patients with DM die due to vascular accidents. This study 
investigated the effects of some plants used in Saudi Arabia and some other Arab countries as antidiabetic 
agents and explores its metabolic effects. 

Material and Methods: One hundred fifty adult male Albino Rats were divided into six experimental 
groups each consist of twenty five rats. The first group was considered as a control group. The rest of 
groups were affected by induction of experimental diabetes by subcutaneous injection of Alloxan. The 
second group consisted of diabetic rats without any treatment. The third group was treated by the aqueous 
extract of mixture contains Foenugreek, Nigella sativa and Termis seeds. The fourth group was treated with 
the aqueous extract of Nigella sativa seeds (100 mg / kg of body weight), while the fifth group was treated 
with the aqueous extract of Foenugreek seeds (100 mg / kg of body weight). The sixth one was treated with 
the aqueous extract of Termis seeds (100 mg/kg body weight). After four weeks of treatment, different 
biochemical parameters were performed including estimation of blood sugar level and serum insulin level. 
Pancreatic and liver samples were obtained and processed for microscopic and quantitative evaluation after 
staining the prepared sections with both Heamatoxylin and Eosin as well as special stain for demonstration 
of the different pancreatic cells in the Islet of the Langerhans. 

Results: The usage of the mixture or each plant alone corrected the glucose level and insulin level. 
Microscopically there was definite decrease in the number and diameter of beta pancreatic cells in the 
diabetic group while the other pancreatic cells were not affected (alpha and delta cells). The use of 
medicinal plants in the different groups of this study greatly improved such cellular changes and the level of 
blood sugar level was corrected. Also, improve dyslipidemia present in diabetic rats. The results showed 
that the activity of the mixture was better when compared with Nigella, Foenugreek or Termis seeds alone. 
Conclusions: The water extract of the mixture is the most powerful in amelioration hyperglycemia and 
most of all damage effects of Alloxan on hematological parameters and lipid profile. Also, it can control 
most of the metabolic risk factors of CAD in diabetic rats. So it is advised to use the plant mixture as an 
antidiabetic agent rather than the use of each plant separately. Repeating such study with the use of variable 
doses may be helpful in better evaluation for the required dose. 
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Introduction 

Coronary heart disease (CHD) has been a global from heart disease and stroke. Adults with 
problem since long. It prevails in high class diabetes are two to four times more likely to have 
society to low class society and affects all ages heart disease or suffer a stroke than people 
specially the middle age group. It is the cause of without diabetes. High blood glucose in adults 
25-30 percent of deaths in most industrialized with diabetes increases the risk for heart attack, 
countries. stroke, angina, and coronary artery disease. © 
Diabetes mellitus (DM) is possibly the world's People with type 2diabetesalso have high 
fastest growing metabolic disease. ° CHD isa rates of high blood pressure, lipid problems, and 
major complication of diabetes and the leading obesity, which contribute to their high rates of 
cause of early death among people with diabetes. CVD. Smoking doubles the risk of CVD in 
About 65 percent of people with diabetes die people with diabetes. “ 
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The United Kingdom Prospective Diabetes Study, 
©) and other clinical trials have demonstrated the 
following benefits of optimal control of the of 
diabetes: Intensive glucose control reduces the 
risk of any CHD event by 42 percent and the risk 
of heart attack, stroke, or death from 
cardiovascular diseases (CVD) by 57 percent. In 
general, every percentage point drop in 
hemoglobin Alc (Alc) blood test results 
reduces the risk of diabetes, kidney, eye, and 
nerve disease by 40 percent. Blood pressure 
control reduces the risk of CVD among 
persons with diabetes by 33 percent to 50 percent, 
and the risk of diabetic kidney, eye, and nerve 
disease by approximately 33 percent. In general, 
for every 10 mm Hg reduction in systolic blood 
pressure, the risk for any complication related to 
diabetes is reduced by 12 percent. Improved 
control of cholesterol or blood lipids (for 
example, HDL, LDL, and triglycerides) 
can reduce CVD complications by 20 to 
50 percent. ® 

Many plants have been investigated for their 
beneficial use in DM. The active principles 
present in medicinal plants have been reported to 
possess pancreatic beta cells re-generation, 
increase insulin secretion, enhance glucose 
uptake by adipose or muscle tissues and inhibit 
glucose absorption from intestine and glucose 
production from liver, and antagonize the 
problem of insulin resistance. © Traditional 
remedies which are often free from side effects 
are still in use by some diabetic patients in 
developing countries, and may therefore; present 
new avenues in the search for alternative 
hypoglycemic drugs. 

Literature survey revealed that Nigella sativa oil 
lowered blood glucose concentration in diabetic 
rats and the hypoglycemic effect of Nigella sativa 
may be mediated by extra pancreatic actions 
rather than by stimulated insulin release. © ® Oral 
administration of ethanolic extract of Nigella 
sativa seeds to streptozotocin induced diabetic 
rats for 30 days reduced the elevated levels of 
blood glucose and improved altered levels of 
lipid peroxidation products and because of its 
antioxidant effects, its administration may be 
useful in controlling the diabetic complications. ” 
10 Foenugreek (Trigonella foenum-gracaeum) 
may increase plasma insulin level in vivo. t 1? '°) 
Similarly, various hypotheses about the 
mechanism of the hypoglycemic activity of 
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Fenugreek have been postulated, including 
delayed gastric emptying and an agonist effect on 
insulin receptors. “® The major free amino acid 4 
- hydroxyisoleucine constituent of Foenugreek 
stimulates insulin secretion from perfuse pancreas 
in vitro. “> 

Termis seeds (Lupine) are a medicinal plant with 
potential value in the management of diabetes 
with antihyperglycemic activity present in 
extracts of the whole seed. In white mice, 
extracts of seeds of the white lupine [Lupinus 
albus (L. Termis)] were associated with increased 
tolerance to an oral glucose admenistration. “® 
Despite considerable progress in the treatment of 
diabetes by oral hypoglycemic agents, search for 
newer drugs continues because the existing 
synthetic drugs have several limitations. 
Alternatives are clearly needed because of the 
inability of current therapies to control, high cost 
and poor availability of current therapies for 
many rural populations, particularly in 
developing countries.” A scientific investigation 


of traditional herbal remedies for diabetes 
mellitus may be valuable and leads to 
development of an alternative drugs and 


therapeutic strategies. 

This study was designed to examine the effects of 
a water mixture extract of Nigella sativa, 
Foenugreek and Termis and of each of these 
plants alone on plasma glucose, lipid profile in 
diabetic rats as well as the possible effects of 
these plants on the pancreatic cells types and 
numbers. 


Material and Methods 

The experimental and feeding protocols of the 
animals used in this study was approved and 
performed according to the guidelines of Animal 
House and Ethical Standards of College of 
Medicine, Taif University, KSA. 

Plant material 

The dried seeds of Nigella sativa, Foenugreek and 
Termis purchased from a local market in Al-Taif, 
KSA in Jan., 2012. 

Preparation of plant extract 

The dried powdered seeds of Nigella sativa, 
Foenugreek and Termis and a mixture of equal 
ratio of the powdered seeds were separately 
powdered and extracted with distilled water by 
decoction method followed by filtration. 
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Animal material 

One hundred fifty adult male albino rats 10-12 
weeks age and with body weight ranging between 
180-200 gm were used in the current work. 
Animals that used in the experiments were 
obtained from the Laboratory Animal Unit, King 
Fahd Medical Research Centre, King Abdulaziz 
University, Jeddah. All experiments were taken 
place at the research laboratories, College of 
Medicine, Taif University. Animals were housed 
in clean rodent cages, in a room at relative 
humidity not less than 30% and not exceeding 
70%, at room temperature 22 °C - 30 °C, with 
artificial lighting with a sequence being 12 hours 
light and 12 hours dark. Animals were fed on 
conventional laboratory animal diet for rats with 
an unlimited supply of drinking water. Animals 
were randomly selected, marked to permit group 
identification. All animal procedures were 
performed according to the Guide for the Care 
and Use of Laboratory Animals of the National 
Institute of Health as well as the guidelines of the 
Animal Welfare Act. 

Induction of DM was done by giving 
intrapretonial (ip) injection of freshly prepared 
Alloxan solution 120 mg/kg (powder from BDH 
chemical LTD, England), dissolved in acetate 
buffer (pH 5.5) prepared immediately before use 
to overnight fasting rats. 48 hours later, blood 
glucose level was determined by Glucometer for 
all animals (after oral administration of glucose to 
fasting rats). Rats with blood glucose level 
ranging from 180 to 250 were considered 
diabetic. 

Drug Administration 

Aqueous extracts of Nigella sativa, Foenugreek, 
Termis seeds or a mixture of equal ratio of the 
powdered seeds, were given orally to male albino 
diabetic rats in a dose 100 mg/kg body weight. 
The experiment was carried out on six groups; 
each group contains 25 rats as following: 

Group one (Control group): normal rats were 
given SC saline solution (0.01 ml/100 gm body 
weight). 

The remaining one hundred diabetic rats were 
classified as following: 

Group two: was considered a diabetic group 
without receiving any treatment. 

Group three: were treated with the aqueous 
extract of the mixture of equal ratio of the seeds 
under investigation (100 mg / kg of body weight). 
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Group four: were treated with the aqueous 
extract of Nigella sativa seeds (100 mg/kg of 
body weight). 

Group fife: were treated with the aqueous extract 
of Fenugreek seeds (100 mg / kg of body weight). 
Group six: were treated with the aqueous extract 
of Termis seeds (100 mg / kg of body weight). 
After 4 weeks, all animals fasted overnight, and 
then weighted, blood samples were obtained and 
then rats sacrificed. Blood samples centrifuged at 
4000 xg for 10 min at 4°C and supernatant kept at 
-70°C for further biochemical measurements. 
Biochemical assays: 

Biochemical studies were done to assess the 
following biochemical parameters: serum glucose 
level, serum insulin level, serum total lipid 
concentration, serum triglyceride, and serum 
cholesterol level. Blood indices RBCs, WBCs, 
haematocrite (Hct) and hemoglobin (Hb) were 
also assessed. 


Histological studies: 

The animals were killed by decapitation. The 
samples of pancreas were obtained and fixed in 
10% neutral buffered formal saline at pH 7.0 for 
5 days. Dehydrated in ascending grades of 
alcohol and cleared in Benzol. Samples from each 
group were embedded in paraffin with a melting 
point between 55 °C and 56 °C for 4 hours and 
then paraffin blocks were prepared. Paraffin 
sections were made at 5 um and stained with 
Hematoxylin & Eosin for demonstrating any 
histological changes. Modified Aldehyde Fuchsin 
(8) for detecting different cells of islets of 
Langerhans was done. Then sections were 
examined under the Microscope. Image analysis 
system was used for determination alpha, beta 
and delta cells number and diameters in the islet 
of Langerhans. 


Statistical analysis: 

Data were analyzed using SPSS version 20. 
Normality of distribution was computed by 
Kolmogrov smirnov test and W Shapiro-Wilk’s 
test. X? and Fisher exact tests were applied to 
observe association between qualitative variables. 
Quantitative variables were expressed in means + 
SDs. The comparison of quantitative data was 
performed by independent t-test or Mann 
Whitney test according to normality of 
distribution for independent variables consisting 
of two groups and by ANOVA and Kruskal 
Wallis test according to normality of distribution 
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for independent variables consisting of more than 
two groups. Post Hoc Turkey test was applied to 
observe which groups mean differs. Statistical 
significance was set at 0.05 levels. ©” A p-value 
of < 0.05 was considered as statistically 
significant. 


RESULTS 

As shown in tables (1& 2), after induction of DM 
by Alloxan, the serum glucose level raised to 
about 266 mg/dl (p= 0.008) and serum insulin 
level fallen to about 21 U/L (p= 0.008) with 
significant increase levels of serum cholesterol 
and LDL with non significant decrease in HDL 
level in diabetic rats. After treatment, the results 
of glucose concentrations (mg/dl) for groups of 
rats treated by mixture of herbs, Nigella, 
Foenugreek and Termis seeds (after the 4 week 
of treatment) with mean + S.E. were 127 + 1.58, 
131.2 + 4.43 , 131.2 + 1.92 and 134.8 + 0.83 
respectively. The glucose lowering effect occur in 
all treated groups with more marked decrease in 
the group of rats treated by mixture of herbs 
(p<0.001). Also, insulin was statistically 
increased in all treated groups of rats as compared 
with non-treated group (p< 0.001). The rise was 
more marked in rats treated by mixture of herbs 
(p<0.001). The levels of serum cholesterol and 
LDL were significantly decreased when 
compared with diabetic group (p< 0.001). The 
lowering effect was more in Nigella and 
Fenugreek groups (p<0.001). HDL showed non- 
significant increase among treated groups. 

Table (3& 4) illustrates the effects of induction of 
DM by Alloxan on blood indices. RBCs number, 
HCT and Hb levels were significantly decreased 
in diabetic compared to control groups with no 
effect on WBCs number. There is statistically 
significant increased RBCs, HCT, and Hb in all 
treated groups as compared to diabetic group 
(p<0.001). The effect was significantly more 
marked in mixture treated group (p<0.001) except 
for Nigella treated group where there is non- 
significant change in RBCs, HCT, and Hb. No 
significant differences were found among all 
studied groups regarding the number of WBCs. 
(p<0.973) 

Histological study of pancreas in treated and non- 
treated groups of rats (tables 5, 6 and figures 1, 2, 
and 3) was shown induction of diabetes by 
Alloxan in rats had no effect on alpha and delta 
cells (number, cell and nuclear diameters). 
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However, significant decrease in beta cells 
number and increase in beta cells diameter as 
well as nuclear diameters was found in diabetic 
group as compared to control group (P <0.001). 
All treated groups showed significant increase in 
beta cells number and decrease in beta cells 
diameter as well as nuclear diameters as 
compared to non-treated groups (p<0.001). 
However, the effect on beta cell number was 
more marked in rats treated by a mixture of plants 
(p<0.001). Other effects on beta cell diameter and 


nuclear diameter showed no significant 
differences among all treated groups. 

Discussion: 

DM is one of the most diseases in the modern soc 
iety and represents not only important medical 
but also social problem. In industrialized 
countries, the prevalence of DM is 2% - 


4% in the general population, and up to 10% in 
the age group over 65, its incidence showing an 
increase in tendency. According to estimates of 
World Health Organization (WHO) experts, 
significant increase in DM incidence is expected 
among persons aged over 25. So, the number 
of patients of this age group will increase from 
135 million to 300 million during the 1995 
- 2025 periods. It has been clearly shown that 
there are 2 to 2.5 non diagnosed patients per 
each registered DM patient, and this takes place 
at the expense of subjects with type 2 DM. On the 
other hand, cardiovascular diseases presently are 
the main cause of death in diabetic patients. 
According to WHO data, more than 75% of 
patients with type 2 DM die due to vascular 
accidents. ” Increased level of blood cholesterol, 
low density lipoprotein, triglycerides, smoking 
and raised blood pressure is established as major 
risk factors for coronary heart disease. Prevention 
of myocardial ischemia has been therapeutic 
targets for a long time. ° 7” 

This study is a step to evaluate the effects of 
some water extracts of medicinal plants as 
antidiabetic agents individually and as a mixture. 
Severe hyperglycemia in diabetic rats recorded in 
the present work can be considered as a direct 
reflex to the marked hypoinsulinemia caused by 
the selective destructive cytotoxic effect of 
Alloxan on the B-cells of the pancreas which has 
a direct effect on their membrane permeability by 
causing failure of ionic pumps and increased cells 
size. °°“) Our results revealed glucose lowering 
effect in all treated groups after the 4" week of 
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treatment which is more marked in the group 
treated by mixture of herbs (p<0.001). Also, 
insulin was statistically increased in all treated 
groups as compared with diabetic group (p< 
0.001). The rise was more marked in rats treated 
by mixture of herbs (p< 0.001). 

Abdel Moneim et al. © reported that the 
hypoglycemic effect of Nigella sativa may be 
attributed to an increase in the Islet numbers and 
to its effect on the time-course of glucose re- 
absorption from the intestine. On the other hand, 
the treated group showed significant increase in 
beta cell number and decrease in their diameters 
as well a nuclear diameter was found in all 
treated groups. These plants may have a 
stimulatory effect on the division of B-cells, block 
the diabetogenic action of Alloxan and restore 
insulin production. °° The treatment with Nigella 
sativa induced islet cells regeneration with 
increased number of P-cells. ° Augusti and 
Sheela, 1996, °” mentioned that some plants 
exert their effect on beta cells through both 
protection of the already present beta cells due to 
their antioxidant effect and through stimulation of 
the beta cells to release insulin. 

Marles et al. “” suggested that, the hypoglycemic 
effect of some medicinal plants could be 
attributed to factors other than stimulation of 
insulin release only, e.g. their effect on the 
number and /or affinity of insulin receptors on 
target cells and the post-receptors of these cells. 
An increase in concentration of total cholesterol 
and LDL cholesterol, and a decrease in HDL 
cholesterol are associated with raised risk of 
myocardial infarction. “® There are a growing 
evidences from epidemiologic, clinical and 
laboratory data indicating that elevated 
triglyceride levels are an independent risk factor 
for cardiovascular disease. Hyperlipidemic 
patients at a risk for cardiovascular disease often 
develop a lipoprotein profile characterized by 
elevated triglyceride, dense LDL, and low HDL 
cholesterol which causes myocardial membrane 
damage. ®” 

Our results revealed that the levels of total 
cholesterol and LDL were significantly decreased 
in treated groups than non-treated group (p< 
0.001). The lowering effect was more in Nigella 
for total lipids (p<0.001), and in Fenugreek for 
cholesterol and LDL (p <0O.001). This may 
attributed to their stimulation to the most aspects 
of carbohydrate metabolism, including rapid 
uptake of glucose by the cells, enhanced 
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gluconeogenesis, increased rate of absorption 
from the gastrointestinal tract and even increased 
insulin secretion with its resultant secondary 
effects on carbohydrate metabolism. “® The 
lowering effect was more in Nigella for total 
lipids (p<0.001), and in Fenugreek for cholesterol 
and LDL (p<0.001). Zahida et al. “”) stated that 
the Nigella sativa is effective to change the lipid 
profile significantly. Akash et al. °) mentioned 
that some medicinal herbs may have antioxidant 
effects especially Nigella sativa. Ghazi Mahmood 
et al. © stated that, Nigella sativa is more 
effective than Gemfibrozil in hyperlipidemia and 
it can be used as add on drug therapy in patients 
of metabolic syndrome with poor glycemic 
control. The most important action of Nigella 
sativa that may be responsible for its beneficial 
effect in metabolic syndrome is its insulin 
sensitizing action. 

Our data illustrate the effects of induction of DM 
by Alloxan on blood indices where RBCs 
number, Hct and Hb levels were significantly 
decreased in diabetic compared to control groups. 
These parameters statistically increased in all 
treated groups as compared to diabetic group 
(p<0.001). The effect was significantly more 
marked in mixture treated group (p<0.001) except 
for Nigella treated group where there is non- 
significant decrease in Hct and Hb. This anemia 
could be attributed, to destruction of RBCs and 
reduced rate of red blood cells released from the 
bone marrow to blood. Several investigators 
attributed this anemia to the increase in lipid 
peroxidation of the erythrocyte cell membrane by 
the destructive effect of Alloxan. ©” Finally, the 
water extract of the mixture is the most powerful 
in amelioration hyperglycemia and all damage 
effects of Alloxan on the hematological 
parameters, and lipid profile. 


Conclusion: 

The studied herbs in this work and water extract 
of the mixture of these plants appeared to be 
useful agents in reducing the hyperglycemia by 
increasing insulin level and regenerating beta 
cells of the pancreas. However, a mixture of 
these plants proved to be more effective than each 
of them without added side effects. The water 
extract of the mixture is the most powerful in 
amelioration of all damage effects of Alloxan on 
hematological parameters, and lipid profile. Also, 
it can control most of metabolic risk factors of 
CAD in diabetic rats. So it is advised to use the 


Cardiometabolic Protective Effect... 


plant mixture as an antidiabetic agent rather than 
the use of each plant separately. More studies on 
these plants are advised be done with different 
doses and for different periods before 
recommending their use on a wide scale. 
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Table (1) Comparison between control and diabetic groups as regard metabolic profile 


| Control |_CDiiabetic | 
Blood glucose 136.8 + 1.9 266.4 + 0.89% 
41.2 + 0.83 20.24 1.4* 


Total lipids 4.5 + 0.33 13.7 +0.47* 
Cholesterol 143.4 + 2.2 222.1 1.1% 





LDL 
HDL 
*p<0.05 
**p<0.001 


Table (2) Comparison between diabetic groups as regard metabolic profile after treatment 


Diabetic Mixture 


Nigella treated 


Foenugreek Termis 


untreated treated group | treated group 


rats 


treated group group 


127 + 1.587" 
AS. 2 3.37" 

141.4 +0.79* 
68 + 0.92* 
45.8 + 0.93 





Table (3) Comparison between control and diabetic groups as regard CBC parameters 


ee Control Group | Diabetic Group 
7.5 +0.27 5.5 + 0.38* 


12.4 + 1.2 12.3+ 0.73 
44.2+1.5 40.1 + 2.3 
Hb | «14.7 40.52 12.6 + 0.42* 
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Table (4) Comparison between diabetic groups as regard CBC after treatment 


Diabetic Mixture Nigella Foenugreek Termis 
untreated treated group treated treated treated 
rats group group group 


5.5 +0.38 7.5 + 0.30%* 5.8 + 0.44 6.9 + 0.14% 6.7 + 0.50* 


12.3 0.73 12.5 + 1.30 12.3 + 0.63 12.4+0.55 12.5 + 0.54 
40.1 + 2.3 43.8 + 1.20** 36.8 + 2.8 44.2 + 1.4" 44.8 + 1.1* 
12.6 + 0.42 14.6 + 0.42** 11.6+0.96 | 13.2+0.43* | 12.4+0.53* 





Table (5) Comparison between control and diabetic groups as regard different pancreatic cells 


g4 [Neier Dianser J pios [pe 





Table (6) Comparison between diabetic groups as regard different pancreatic cells after treatment 


Diabetic Mixture Nigella Foenugreek Termis 
untreated treated treated treated treated 
rats g group group group 


roup 
Number 2.43+1.04 2.40+0.89 2.93+1.74 2.93+1.74 2.80+1.49 





L 

S Anpa 1.50+0.42 1.27+0.31 1.25+0.28 1.25+0.28 1.36+0.39 

z Diameter 

£ Cell 

a le 3.48+0.78 2.88+0.55 2.96+0.68 2.96+0.68 3.15+0.73 
lameter 
Number 10.8045.14. | 34.12416** | 25.90413.70* | 25.90413.70* | 26+10.94* 

DN 

= | Nuclear 2.3940.48* | 1.3240.17* | 1.3140.27* 1.3140.27* 1.33+0.21* 

= Diameter 

2 Cell 4.49+0.74 | 3.02+0.46* | 2.70+0.38% 2.70+0.38* 3.06+0.50* 
Diameter 

, | Number 4. 40+1.84 3.40+1.10 3.46+0.89 3.4341.04 3.4041.16 

a |e 2.01+0.56 1.90+0.63 1.73+0.77 1.7440.70 1.83+0.68 

x Diameter 

E en 4.33+0.62 3.66+1.06 3.34+0.64 33340.07 3.03+0.46 
lameter 
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Fig (1): A photomicrograph of a section in the pancreas of control adult male rat showing: 


° A& B: rounded or oval and prominent nuclei within the B-cells, notice the deeply basophilic 
nuclei of A-cell. 

° (Hx & E (A)X400 (B) X 1200). 

° C&D: rounded or oval violet B-cell, oval green D cells and irregular yellow A-cell. 


(Modified aldehyde fuchsin (C) X 400 (D) X 1200). 


212 


Cardiometabolic Protective Effect... 





Fig (2): A photomicrograph of a section in the pancreas of a diabetic rat showing: 


° A&B: small sized islet with pale disintegrated nuclei and the intact dark cells at the 
periphery of the islet with normal structure of the exocrine pancreas. (Hx & E (A) X400 (B) X 
1200). 

° C&D: small sized islet with pale disintegrated nuclei, vacuolated B -cell, deeply green delta 


cell and faintly stained A-cell. (Modified Aldehyde Fuchsin (C) X 400 (D) X 1200). 
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Fig (3): A photomicrograph of a section in the pancreas of a diabetic rat 30 day showing: 


A -Section in the pancreas of a diabetic mixture ingested rat showing decreased signs of vacuolation in B- 
cell with normal islets. 

B -Section in the pancreas of an adult male diabetic Nigella Sativa ingested rat illustrating vacuolated B- 
cell, deeply stained nuclei, and within normal islets. 

C - Section in the pancreas of an adult male diabetic Termis seeds ingested rat showing vacuolated and 
degenerated B-cell. Small islet having cellularity and poor vascularity. 

D -Section in the pancreas of an adult male diabetic Foenugreek ingested rat showing less vacuolated B- 


cells, and within normal islets. (Hx& E X 400). 


274 


